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This thesis comprises of five chapters. In the first 
chapter, a detailed and uptodate literature of the subject 
has been reviewed. Applications of synthetic inorganic ion-
exchangers have now been well established and these 
compounds are receiving increasing attention due to their 
resistance to heat and radiation. They are used for the high 
temperature separation of ionic components in radioactive 
wastes, as solid electrolytes and as catalysts. The two 
component inorganic ion-exchangers have been much studied 
and the ion-exchange capacities are comparatively low, in 
most cases, to those of three components ion-exchangers. 
Sometimes they show superiority over two component ion-
exchangers as they are more selective in nature. They have 
an analytical potential for the recovery and concentration 
of strongly adsorbed trace constituents which has made their 
study more interesting. 
They can be produced/ in general, as gelatenous 
precipitate by mixing rapidly the oxides of group III, IV, 
V, and VI of the periodic table at room temperature. 
Sometimes, refluxing is recommended to improve the 
reproducibility and ion-exchange c h a r a c t e ^ cs . 
The chapter second describes(the synthesis and charac-
terisation of a new three component ion-exchanger, zirconium 
(IV) arsenovanadate. Various samples of zirconium(IV) 
arsenovanadate have been prepared by adding a mixture which 
is 0.05M disodium hydrogen arsenate and 0.05M sodium 
metavanadate to an aqueous solution of 0. OM zirconium(IV) 
oxycholoride in different volume ratios at pH 1.^ One of the 
samples of zirconium(IV) arsenovanadate , ZAV^ , has been 
studied in detail due to its maximum ion-exchange capacity 
and chemical stability. The pH titration curve of the 
material shov;s two inflection points indicating that the 
material is bifunctional. The over all exchange capacity 
has been found 2.6 and 2.45 meq/g for the exchange of K"*" and 
Na"^  ions respectively. Distribution coeficient values, Kd, 
of a large number of metal ions on zirconium(IV) arsenovana-
date in different solvent systems have been determined. It 
has been found that the Kd values for these metal ions on 
zirconiumCIV) arsenovanadate shows the possibility of a 
number of binary separations. As a result the separation of 
Cr^^ has been successfully achieved on zirconium(IV) 
arsenovanadate column to explore the analytical and 
industrial utility of the material. 
The increasing concern for the protection of water 
quality has led to the development of new analytical methods 
for potentially hazardous water pollutants. In an attempt 
to remove fluoride ion, the presence of which in excess of 
Ippm in drinking water causes certain bone diseases, 
mottling of teeth etc.; the sorption of fluoride ion on 
zirconium(IV) arsenovanadate ion-exchanger in various 
cationic forms such as Ca^ "*", Al^ "*" and La^"^ has been studied 
and determined by ion selective electrode. This piece of 
v/ork has been complied in chapter III. 
It has been found that the zirconium(IV) arsenovanadate 
2+ in Ca -form shows considerable sorption capacity for 
o _ 
fluoride ion at 30 C. The sorption of F is affected by 
varyng experimental conditions eg. temperature and pH etc.^ 
The effect of ammonium salts on the sorption of fluoride ion 2+ 
on zirconium(IV) arsenovanadate in Ca -form has been 
studied at different temperature and pH conditions. A 
comparative study of the sorption of fluoride ion on 2 + 
zirconium(IV) arsenovanadate in Ca -form and on Amberlite 
IR-400 in CI -form has also been made. 
Since various organic pollutants exist at relatively 
low concentration in water, the preconcentration is 
generally required before their qualitative and quantitative 
analysis. Chapter IV comprises^the studies on the sorption 
of phenolic derivatives on zirconium(IV) arsenovanadate in 
Fe^"^ -form. The technique is based on the enrichment of 
phenol as iron (III) phenol complex of the type [Fe(OR)g]. 
It has been found that ortho and para- chlorophenol, and 
gaXLic acid are strongly sorbed. J The column experiments 
suggest that the zirconium( IV) arsenovanadate in Fe^"^ -form 
can be used as sorbent to concentrate the phenolic 
derivatives from water. 
/A new synthetic inorganic ion-exchange material/ 
cerium(IV) tungstoselenate has been prepared by adding a 
solution of O.IM eerie ammonium nitrate to a mixture of 
O.IM sodium tungstate and O.IM sodium selenite in different 
volume ratios at pH 1. The ion-exchange behaviour and 
analytical importance of this material has been described^ in 
chapter fifth of this thesis. One of the sample of 
cerium(IV) tungstoselenate (CTS^) has been studied in detail 
for its ion-exchange capacity, pH titration, chemical 
composition due to its high ion-exchange capacity (4.9 
meq/g-dry exchanger) and chemical stability. The 
thermogravimetric analysis and IR studies of the material 
suggest the following tentative formula . 
(CeO)2 (0H)2 (HWO^). (HSeO^). nH20 
Distribution coefficient studies of the metal ions on 
cerium(IV) tungstoselenate show the stricking selectivity of 
the material towards lead ion. As a result lead ions have 
been successfully separated from a number of metal ions eg 
Hg2+, c u 2 ^ N i 2 ^ T l ^ ^ C d 2 ^ A l 3 ^ and C o 2 \ 
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CHAPTER - I 
GENERAL INTRODUCTION 
Analytical Chemistry is an indespensable tool in 
advancing the state of knowledge in the fields of modern 
branches of science. It deals with the solvings of 
qualitative and quantitative problems. In qualitative 
analysis the yoal is to determine what the constituents are 
in the sample, while in quantitative analysis the amount of 
species present in a given sample is determined. Analytical 
Science has always occupied a vital position in the 
development of Chemistry. Not only this but also the 
analytical techniques are indispensable in the biochemist's 
study of living matter and its metabolic processes. The 
physician relies heavily upon the results of analysis of 
body fluid in making his diagnoses. The employment of 
Analytical Chemistry in modern industrial technology and 
environmental science is of inestimable importance. In fact, 
the development of modern analytical techniques of 
separation, identification and determination have provided 
informations about the presence of the pollutants in natural 
environment. 
Analysis has been concerned largely with the chemical 
composition, but it is coming more and more important to 
include the determination of molecular structure and the 
measurements of physical properties. Besides chemical 
methods, other techniques such as fr-^ctional precipitation, 
distillation and crystalization have been extensively used. 
Hov/ever, Chromatography plays a very important and 
significant role in modern a^ ^^ e. Many complex problems 
related to separation analysis can be achieved 
successfully. The term Chromatography applied in the past, 
is the distribution of solute in two immiscible phases. 
However/ this basic principle was modified time to time to 
give the birth of many new chromatographic techniques. 
Amongst them, one of the chromatographic technique that is 
"Ion-Exchange Chromatography" is considered to be versatile, 
fast and preferential selective in the seperations of ions 
of simii;ar properties. 
The recognition of phenomenon of ion-exchange was 
generally attributed with base exchange in minerals present 
in the soil. The English Agriculturist Thompson (1) was the 
enterprenuer of ion-exchange. He was the first to observe 
and publish description of phenomenon of ion-exchange. He 
treated soil with ammonium salt solutions and found that the 
ammonium sulphate was converted to calcium sulphate and 
ammonia was taken up by the soil. However, Way (2), 
Consulting Chemist to the Royal Agricultural Society, 
thoroughly explored the phenomenon and demonstrated the 
underlying mechanism to be one of the ion-exchange involving 
the complex silicate present in the soil. 
Ca-Soil + (NH^ ) 2 (NH^)2-Soil + CaSO^. 
In 1896. Harm (3) successfully applied the ion-
exchange for commercial purposes and removed sodium and 
potassium ions from sugar beat juice by applying a naturally 
occuring cation-exchange silicate material. The technical 
production of material similar to naturally occuring 
exchangers was based on the work of Cans, which was 
published about 1905 (4). Inorganic material such as sodium 
aluminosilicate, (Na2Al2Si20^Q) which was synthesized by 
him, were successfully applied for the softening of water on 
technological scale. 
The discovery by the two English Scientists, Adams and 
Holmes in 1935(5) led the foundation of synthesis of organic 
ion-exchangers.Cation-exchangers produced by the 
sylphonation of coal found useful in technical applications. 
These workers v/ere also the orginators of anion-exchange 
resins, which were to be recognised as insoluble resins 
containing basic groups eg. amino groups, having the ability 
to form salts with common acids. The commercial production 
and improvement of synthetic r e s m s by Holmes and Forbenin-
dustrie was soon followed. 
During the same period Samuelson (6) published the 
applications of organic ion-exchangers in analytical 
chemistry. The real modern era in ion-exchange technology 
began in 1944, v/hen D'Alelio of German Electric Companie's 
Pittsfield Laboratories synthesized resins from polystyrene 
(7). These resins were the ancestors of currently 
available polystyrene resins, which, compared to earlier 
resins, posses greatly imporved chemical and mechanical 
stability as well as ion-exchange capacity. These resins 
soon dominated the field because of uniformity, chemical 
stability and control of ion-exchange properties through 
synthetic methods. 
The fundamental principle governed by ion-exchange 
process can be summarized as follows: 
1. Stoichiometric exchange of ions. 
2. Selectivity or affinity: Preferential uptake of ionic 
species over the other. Moreover the behaviour of a 
particular ionic species can be adjusted by us-ing 
chelating agents. 
3. Donnan exclusion : Exclusion of an ion by the resin 
with similar ionic form. The subject gathered a little 
attention, and only a few publications particularly 
applied to industrial applications, are appeared. 
4. Differences in the migration rates of absorbed ionic 
species down the column. 
5. Catalytic activity : The surface of particle may 
contain basic/acidic sites, where a reaction takes 
place. 
6. Miscellaneous behaviour : Swelling, surface area etc. 
The development of nuclear te-hnology initiated the 
search for highly selective ion-exchange materials that 
would be more stable to high temperature and radiation, 
resistant to chemicals and of mechanical properties. Early 
attentation was focused on hydrous oxides in combination 
with phosphate, molybdate, tungstate and antimonate ^els. 
(8-10). The work upto 1963 has been summarized by Amphlett 
(11) in his book "Inorganic Ion-Exchangers". The later work 
upto 1970 has been summarized by Vesley and Pekarek (12), 
Clearfield (13,14). Alberti (15.16), Walton (17-20), 
Vol'Khim (21) and Gill (22) have also worked on different 
aspects of synthetic inoryanic ion-exchangers. In India 
Qureshi (23) and co-workers prepared a large number of such 
inorganic material and studied their ion-exchange 
properties. 
A large number of synthetic inorganic substances have 
been desrcibed which exhibit ion-exchange properties both 
cationic and anionic. These materials may be divided into 
the following main groups. 
1 Hydrous Oxides 
2. Acidic Salts of Multivalent Metals. 
3. Salts of Heteropolyacids 
4. Insoluble Ferrocyanides 
5. Synthetic Aluminosilicates 
6. Certain other Substances eg. Synthetic Apatites 
Sulphides and Alkaline Earth Sulphates. 
A large number of papers dealing with the ion-exchange 
properties have been published. Early attention was focused 
on hydrous oxides since they "Sorbed" or co-precipitated 
many ions. Freshly preciptated trivalent metal oxides were 
found to be very effective eg. hydrous ferric oxides readily 
absorb alkaline earth cations and bivalent cations at pH7 
(23,25) 
The adsorptive properties of hydrous oxidQ, such as 
alumina, silica and ferric oxide have been known for many 
years and it has been established that the adsorption of 
ions by them is presumably by ion-exchange. They can act as 
cation and anion-exchangers simultaneously under certain 
conditions. These substances are mostly amphoteric and their 
dissociation may be schematically represented as follows : 
M-OH > M"^  + OH" (I) 
M-OH ^ r M-O'+H"*" (II) 
(M-represents the central metal atom) 
Scheme (I) is favoured by acid conditions, when the 
substance can function as anion-exchanger, and scheme (II) 
by alkaline conditions, when the substance can function as a 
cation-exchanger. Near the isoelectirc points of oxides, 
(26) dissociation according to both scheme can take place 
and both type of exchange may occur simultaneously. 
A large number of compounds of this class have been 
studied in the past (11,27,28) more extensively. Hydrous 
berillium oxide of composition BeO.l.TH^O acts both cation 
and anion-exchanger (29,30) and selective for alkali metal 
cations following order of decreasing ionic radii of 
unhydrated ions (30). Hydrous manganese dioxide with rather 
unusual selectivity sequence for alkali metals has been 
described by Tsuji (31). A comprehensive study of the 
preprations of hydrous tin (iv) oxides ion-exchangers has 
been made by using 8 systems: (a) Na2 [ Sn(OH) g ]-H2S0^, (b) 
Na2 [Sn(0H)g]-H2S0^ (boiling), (c) Na2 [ Sn (OH)g]-HCl, (d) 
Na2 fSn(OH)gJ-CH^COOH, (e) SnCl^-NaOH, (f) SnCl^-NH^aqueous 
(g) SnCl^-NH^aqueous (boiling) and SnCl^-prohydrolysis . The 
ion-exchange characterstics were found similar , among 
material produced from the above F^stems (32). To elucidate 
the properties of hydrous tin (iv) oxides as a cation-
exchanger, Inoue and co-workers (33) have studied the 
stoichiometry of cation-exchange and its acid-base 
properties by determining the uptake curves for alkali metal 
ions. Hydrous stannic oxide behaves both as cation and anion 
exchanger, (34,35) and selective for bivalent transition 
metals and uranyl ion. it is intresting that the 
selectivitly series Cu>Zn>Co>Fe (II) >Ni>Mn closely 
parallels the order of equilibrium constants of the 
hydrolytic reaction M^"'"+H20 fcs:? MOH'^ +h"'' (34). Tsuji and co-
workers have given an account of the ion-exchange behaviour 
of alkali hydroxide and alkyl amines having different sizes 
and forms on hydrous TiO^ ion-exchanger (36). The pH 
titration curves for these materials vary, depending upon 
the cation species and the strength of the base used. 
A modified form of sorbent has been prepared by co-
precipitation of hydrated with Fe (OH)^' The hiyh 
2+ 
sorption capacity for Ru (37), Ru (NO) (37) and 
radiocobalt have also been examined (33). Alumina exhibit a 
strong preference for Cs (38). Retention of Ca, Sr, Ba, 
(39, 40), Zn (41), Ni (42), and La (40), has been studied as 
a function of pH. The sorption of LiCl, NiCl2 and Cu(N02)2 
was found to be partially irreversible (40) on alumina. 
The hydrous oxide of quadrivalent metal such as Si02/ 
Sn02» Ti02/ behave either as cation 
or anion-exchangers, depending up^n the basicity of the 
central metal atom and the strength of the M-0 bond relative 
to that of the 0-H bond in the hydroxy 1 group. The use of 
silica gel as an ion-exchange substance has been extensively 
studied for many years (43,44). Modified silica sorbents 
with enhanced selectivity were prepared by the pretreatment 
of silicic acid hydrogels with various azo-dyes related to 
methyle orange, and with amines (45,46). Silica gels with 
porous structure are formed by hydration of 
"" H 
O Si 
0 
H 
0 Si 
0 
H n 
xerogels = S i - H + H 2 0 — S i - 0 H + H 2 (47). The sorption of 
bivalent cations on different Si02 preprations has been 
examined (48-51). Hydrous thorium oxide (52,53) and titanium 
oxide (53) have been prepared by mixing thorium nitrate and 
titanium chloride with alkali respectively. It is 
interesting that the heated Th02 possesses adsorption 
ability towards phosphates, the process being very probably 
solution difffusion controlled with an activation energy of 
12.5 KJ mole"^. (54). Hydrous thoriumoxide in mixture v/ith 
other inorganic ion-exchangers has found good applications 
in inorganic ion-exchange membranes (55). 
Hydrous zirconium oxide is usually prepared by mixing 
zirconium salt solution with alkalies. Well granulated 
materials are obtained by freez-drying the gels at 268, 263, 
o 
and 258K (56). Hydrous ziroconium oxide behaves both as 
cation and anion-exchangers (57,58) with the zero point 
charge at pH 6.05 (58). Although the structure of hydrous 
zirconium oxide has not been properly resolved, a tetrameric 
species is suggested, based on the known tetrameric species 
in hydrolysed Zr (IV) salt solution, for the freshly 
prepared zirconium hydroxide- [Zr(OH)^]^. Polyvalent cations 
hydrolyse in water, and as hydroxy1 group accumulate on the 
cation through hydrolysis or base addition, they polymerize 
by olation (59). When the olation process produce 
suficiently large particles of reduced charge, precipitation 
occurs. Rapid precipitation in the cold leads to the 
amorphous or poorly crystalline products, whereas aging, 
boiling, or hydrothermal procedures yield crystalline 
10 
hydroxides (59,60) i.e. [Zr02]^ with H2O or OH yroups (60). 
A simple but more quantitative model of hydrous oxides has 
been proposed (61) recently. Thernodynamic equilibrium 
constants for alkali metal ions show an unusual affinity 
series, Li>Na>K (62), and the equilibirium constants for the 
exchange of ions show a sliyhtly higher selectivity towards 
chloride as compared with nitrate (63,64). The material is 
hiyhly selective toward phosphate ions, even at hiyh 
temperatures and pressures (65). Dynamically formed 
membranes from this material show promising saltrejections 
by vertue of Donnan electrolyte exclusion (66,67,68). 
Hydrous zirconium oxide in mixture with hydrous 
alumina have been used suitably for the determination of 
traces of vanadium in aluminium matrics by neutron 
activation analysis (69). The effect of heat treatment in 
air have been studied regarding the properties of hydrous 
Nibium oxides ion-exchanger in H"^  -form (70,71). The 
exchanger began to crystallize into Y-phase at a temperature 
o 
between 450 to 500 C v/here the capacity disappeared. Hydrous 
tantalum oxide, Ta205 is a cation exchanger (71,72,73,74) 
suitable for the purification of nuclear reactor-waters at o 
high temperature upto 300 C. The hydrous oxides of Mo(VI) 
and W(VI) act as cation (72) or anion exchanger in mixture 
v/ith basic hydroxides (75). Hydrous titanium . (IV) oxide, 
TiO^ and zirconium (IV) oxide, attractive 
considerable attention as ion-exchanger owing to their 
11 
hiyhly sorptive selection of certain metal ions. (76/77,78). 
Titanium (IV) and zirconium (IV) oxides yrafted on the 
surface of silica have been recently used to absorb Cr (VI) 
from acidic solutions (79). The exchan9e capacity increases 
at a low pH. These materials have also been used to 
preconcentrate Cr(V) from solutions of didhromate very 
effectively. Yamazaki et al. have recently synthesized a new 
crystalline hydrous silicon(IV)-titanium(IV) oxide (80) ion-
exchanger and disscussed its ion-exchange properties. 
Various antimonic acid materials (81/82) have been 
obtained with different chemical composition and ion-
exchanye properties, depending on the method of prepration 
as vvell as on aging. The chemical composition of crystalline 
antimocic acid corresponds to the empirical formula Sb20^ 
.4H2O (83/84,85) for sample dried upto 50° and Sb20g.3-4H20 
o 
for species obtained after drying at 70-90 C (85). The 
affinity series for alkali and alkaline earth metal ions 
vary depending on the crystalline form of the exchanger as 
well as on the sorption media. The series Li<Na<K<Rb<Cs in 
acid solutions and Li<Na.—Cs<K=Rb in NH^NO^ solutions were 
obtained for both the amorphous and glassy exchangers (85). 
For the crystalline material the following series were found; 
Li<K<Cs<Rb<Na in acid solutions; Li<K<Rb<Cs<Na in NH^NO^ 
solutions (85). The selectivity (86) coefficient for 
tervalent metal ions/hydrogen ion on cubic crystalline 3+ 3 + antimonic acid have also been calculated for Ga , Fe , 
12 
Ce^"^/ Sm^ "*", Y^ "*", Sc^ "'", and In^ "*" by batch equlibrium in 
nitric acid media . 
A wide range of compounds of acidic salts of 
multivalent metals has been described as ion- exchangers. 
Among the metals studied have been zirconium, thorium, 
titanium cerium(IV), tin{IV)> aluminium, iron(III), 
chromium(III), uranium(VI) etc. and the anions employed 
include phosphate, arsenate, antimonate, vanadate, 
molybdate, tunystate, tellurate, silicate, oxalate etc. 
These salts, acting mostly as cation-exchangers, are gel 
like or micro crystalline materials, with the composition 
and properties depending upon the method of prepration, and 
posses mostly a high chemical, temperature and radiation 
stability (11,27,87). The cation exchange properties arise 
from the presence of readily exchangeable hydrogen ions, 
associated with the anionic groups present in the salts. 
Some of these materials also exhibit electron-exchange 
properties. 
The acidic salts of quadrivalent metals have been the 
most intensively studied group of synthetic inor^^anic ion-
exchangers. Most of the work to date has been concerned with 
zirconium phosphate exchangers. The earlier studies of 
zirconium phosphates, are mostly concerned with the 
amorphous material (11,27,87,88). A number of comprehensive 
reviev/s on various aspects of the properties and behaviour 
13 
of these compounds have been published recently (59,12,89), 
including material aspects (90), ion-exchange (91),catalysis 
(92), and membrane (93,94) and their application in 
chemical analysis (95). 
Members of this class of compounds are obtained as 
amorphous gels.vjhen prepared by rapid precipitation in the 
cold, but refluxing in solublizing media slowly transform 
them into crystals (13,96). A granular material is prepared 
o 
by freezing the gels at upto -22 C (97,98). The prepration 
of zirconium phosphate ion-exchanger with reproducible 
quality regardless of the starting material has been 
described by Benderskaya (99). This ion-exchanger has 3+ 2+ superior sorption capacity for Fe and Pb ions and having 
most reproducible structure. The optical structure is 
4+ 
obtained by allowing Zr polymerization and by treating 
with an alkali solution. Thermal treatment of amorphous 
materials with phosphoric acid (100,101,102) or refluxing 
them with ^2.5M phosphoric acids (11,13,101-104) leads to 
the formation of semicrystalline or crystalline forms 
respectively. The v/ell developed crystalline phase of so 
called ot-zirconium is prepared, corresponding to the 
formula Zr(HP0^)2 ^ 3-phase and Y-phase, correspon-
ding to Zr(HP0^)2 and Zr(HPO^)2•2H2O respectively, are 
prepared by refluxing solutions of ZrOCl2 with NaH2P0^ in 3M 
hydrochloric acid (105). Zirconium bis (monohydrogen 
14 
phosphate) monohydrate has been synthesized from homogeneous 
solution using zirconia fibres (106). A detailed accounts of 
synthesis and properties of two component ion-exchangers has 
been summarized in Table - 1.1 
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Attempts have been made to solve the structure of « 
zirconium phosphate ion-exchangers (67-7C) • Clearfield and 
Smith have presented a three dimentional structure of single 
crystal Zr (HPO^ H2O. Crystals are monoclinic, space yroup 
P2^/C, with cell dimensions . 06 + 0 . 003A° , b=5 . 298 + 0 . 006A° , 
C=16.22±0.02A° and 3=111.5. The structure is layered and 
consist of a sheet of rouyhly coplanar Zr atoms sandwiched 
between two sheets of monohydrogen phosphate yroup. Each 
zirconium atom is co-ordinated octahedrally to 6 oxygen 
atoms. Each of these 6 oxygen atoms belongs to one of six 
different monohydrogen phosphate group. The forces between 
the layers are very weak long hydrogen bonds or van der 
Waals forces and the inter layer distance is 0.76nm. The 
layers are arranged relative to each other in such a way 
that the zirconium atoms in one layer lie over the P atoms 
in an adjacent layer and vice versa. A water molecule 
resides in the centre of each cavity and is hydrogen bounded 
to phosphate groups. A schematic illustration of two 
adjacent layers in a -zirconium phosphate with the formed 
cavity can be seen in Fig.1.1 
Alberti have also proposed that the structure of u 
zirconium phosphate is layered one, in which the metal atom 
lie nearly in a plane and are bridged by phosphate groups as 
shown in Fig. 1.2. 
29 
Fig. 1.1 Schematic illustration of the model proposed 
for a zirconium phosphate 
Fig. 1.2 Idealized structure of a zirconium phosphate 
showing one of the zeolite cavity created by 
thr arrangement of layers 
30 
The three phosphate oxygen bond to metal atoms so that the 
remaining phosphate oxygen, which is bonded to a proton 
points into the inter layer space. The layers are staggered 
forming a network of a hexagonally shoped cavity (heavy out 
lines in Fig. 1.2) with water molecule in the centre. In 
this cx-layer the metal atoms are six co-ordinate and the 
phosphate tetrahedral forming T-O-T type layers (276) as in 
smectite clays. The major difference is that the phosphate 
groups are in inverted position relative to the silicate 
groups in clays. 
Structural features of the l^-phase of zirconium 
phosphate are essentially the same as those of a-ZrP but 
the difference is that the interlayer distance in this case 
is 0.928 nm. The layer packing sequence is such that 
neighbouring HPO^ groups from adjacent layers are aligned 
opposite to one another (Fig. 1.3) to allow interlayer 
hydrogen bonds of the type 0_P-0; JO-PO,. The structure 
of Y-ZrP. is very closely related to that of 6-ZrP. The 
interlayer distance is larger than that in 3-ZrP. (105) 
Strelko and co-workers (279) have studied the proton 
NMR spectra of zirconium phosphate in hydrogen from and in 
salt (Li, Na, K, Cs) forms. They indicated the differences 
in the chemical properties and the complex distribution of 
hydroxyl groups in the ion exchanger lattice. They have 
also proposed the formula of H'^ -form and salt forms of Zirconium 
31 
FIG. 1.3 Schematic illustration of the model proposed 
for 6 and y zirconium phosphate 
32 
phosphate as Zr (OH ) ^  ( HPO^ ) . YH^O (x-0-2) and Zr(OH)^ 
[ respectively. 
For the determination of structures of ion-exchanger 
material, it is necessary to know the structure of anions (like 
arsenate, phosphate and vanadate etc.) employed. One crystaline 
form of arsenate ^32©^ is built of infinite layers of the kind 
shov/n in Fig.1.4, the unit cell being indicated by the broken 
line. 
0 
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Fig. 1.4 Alternate unit cells of layer structure o± AS2O2 
The pattern arising from AS2O2 groups sharing their oxygen 
atoms with similao. three groups, the repeat unit is 
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AS(0I^)2 oi^  crystallographic repeat unit of a 3D 
pattern is parallelipiped, containing a representative 
collection of atoms, which on repititation in the direction 
of edges forms the crystal. 
The selectivity of zircoricum phosphate towards 
bivalent cations is rather low (106,280). Higher adsorption 
2 + 
was found for Sr at elevated temperatures on amorphous 
zirconium phosphate (102, 283). Small differences in 
selectivity of sorption on amorphous zirconium phosphate are 
found for Am^"^, Cm^^, Cf^"^, Ce^"^ and Eu^"^ at 75°C (282, 106) 
A relatively strong uptake of WO^ and Mo^O^ anions on 
zirconium phosphate have been explained by the chemical 
interaction between these anions and phosphate groups (283). 
The thermodynamics of ion-exchange of zirconium phosphate 
have been studied for various systems (106, 280, 284). 
A further froup of acidic salts with a three-dimensional 4+ 
structure and with the general formula HM^ (XO^)^, where M 
is the Zr, Ti, or Ge, and X is P, As or Sb (130, 129, 289) 
have also been prepared. A great variety of inorganic ion-
exchangers have been developed from tetravalent cations and 
various anions but no extensive applications have been 
found; they include zirconium tellurate, zirconium silicate 
(132, 134, 140, 141). Other acidic salts prepared from 
trivalent cations chromium polyphosphate are of some 
interest, especially the product with the general formula 
H2CrP20j^Q. 2H2O which is highly selective for Ag"*" (288). 
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Much interest has been developed in layered hydrogen 
phosphate and their intercalation compounds. The development 
of inter—calation co-ordination chemistry has produced the 
well characterised thermally stable a -Zr(HPO^)2•H2O as 
starting matrix (290-293). The ion-exchange behaviour of 
some amine intercalation compounds of ci-tin(IV) hydrogen 
phsophates has been investigated in the presence of 
transition metal ions ( 294). It has been found that the 
behaviour of these intercalats depends upon whether the 
guest molecule is a mono- or a polymine. Various organic 
compounds have been intercalated as organic cations by 
exchanging with interlayer cation of ion-exchanger matrix 
(295). Some neutral molecules such as alcohols (295), amine 
(296), and pyridine (297) can be intercalated into smectites 
calys. Shimazu et al have presented the differences of 
intercalation mechanisms between pyridine derivatives 
(298). The intercalation behaviour of some organic basis 
such as 2,2'-bi pyridine and 1,10-phenanthroline in 
zirconium phosphate crystallites has recently been 
disscussed by Tomita and co-workers (299) as well as 
Ferragina et al (300). 
A number of heteropoly acid salts have also been of 
interest. The parent acids of these salts are 12-heteropoly-
acids with the general formula HmXY^204o • m=3,4 
or 5; X can be phosphorous, arsenic, silicon, germanium or 
boron, and Y one of the number of elements, such as 
molybdenum, tungston, or vanadium. Buchwald and 
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Thistlethwaite first reported ion-exchange of ammonium 
molybdophosphate and they treated the salt with O.l-l.OM 
solutions of group I and group II cations and of thallous 
ion, all in 0.08M HNO^. Much of the subsequent investigation 
of the ion-exchange properties of these salts, have been, 
carried out by Smith, Robb and Jacobs (285-287). 
Apart from these materials, many other substances like 
mixed salts have also been synthesized and studied in detail 
for ion-exchange properties. It has been found that mixed 
salts or three-component ion-exchangers possess ion-exchange 
properties different to simple salts or two component ion-
exchangers. Sometimes they show a great promise in 
preprative reproducibility, ion-exchange behaviour and both 
chemical and thermal stability. They are more selective in 
nature (301) and their ion-exchange capacities are higher 
(302, 303) as compared to two component ion-exchangers (304, 
305). Examples of mixed salts as ion-exchangers are the 
crystalline zirconium-titanium phosphate with different 
composition (306) and amorphous arsenatephosphates of 
tetravalent metals (302,307). The mixed zirconium-titanium 
acid phosphate were prepared by Clearfield and Frianeza 
(306) in an attempt to obtain pure phases with a controlled 
ion-sieve efficiency. Varshney and co-workers found that the 
ion-exchange capacity of amorphous zirconium arsenophosphate 
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rather low if compared to those layered crystalline acid 
phosphates. A review on three component ion-exchanger has 
been presented in table 1.2. 
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ENVIRONMENTAL POLLUTION 
In recent years great concern has been universally 
voiced regarding the environmental pollution arising as a 
side effect of industrial activities. With the growth of 
industries more and more toxic substances are either used as 
raw material or given off during mai facturing processes, in 
the form of dusts, fumes, vapours and gases. These substances 
contaminate or ultimately dissipate our natural environment 
and pose occupational health hazards. Many of these 
chemicals are toxic to human beings and may produce chronic 
effects on the human organs like lungs, kidney and heart. 
Besides, even cancer result from some type of occupational 
exposure. Apart from this, pollutant get into the air and 
water, and thus disturb the ecological balance of nature. 
This disturbance may be termed pollution. 
Environmental pollution problem is so great that it is 
difficult to discuss it in detail here. However, to 
understand the pollution it may be divided into the 
following groups or classes. 
1. Air Pollution 
2. Land Pollution 
3. Water Pollution 
4. Noise Pollution 
5. Light Pollution 
6. Pollution due to Nuclear Radiations. 
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The problem of water pollution is a major issue. Many 
chemicals and other type of industries discharge, industrial 
effluent in creeks, rivers,& oceans, which without any 
treatment causes water pollution. Industrial effluent 
released into aquatic environment, oil released in harbours, 
in bays are often dangerous to health and kill bacteria and 
other aquatic organisms responsible for bio-purification of 
water (356). Inorganic and organic chemicals, widely 
used and manufactured in different industries pose 
occupational health hazards to the exposed workers (357). 
Waste water causes v/ater pollution, harbours disease vectors 
as insects and contribute to other health hazards. 
Waste water is usually classified as either industrial 
or municipal. Industrial waste water is often discharged to 
the municipal sewers. Many industrial waste waters require 
pretreatment to remove non-compitable substances prior to 
discharge into the municipal systems. Characteristics of 
industrial waste water vary gr tly from industry to 
industry. VJater collected in a municipal waste water system, 
having been put to a wide variety of uses, contains wide 
variety of contaminants. A list of contaminants commonly 
found in municipal waste water (357) alongwith their source 
and their environmental consequences is given in table 1.3. 
A good portion of naturally available fresh water is 
used by the industries and in the process water becomes 
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Table 1.3: Important Waste water Contaminants 
Contaminants 
Suspended solids 
Source 
Donestic use, 
industrial 
vrastes erosion 
by infiltration/ 
inflow 
Environmental Consequences 
cause sludge deposit in an 
aquatic environment 
Biodegradable 
Organics 
Dcmestic and 
industrial 
wastes 
Cause biological degradation 
v\^ ich may use up oxygen in recei-
ving water and result in undesir-
able conditions 
Pathogens 
Nutrients 
Danestic Wastes Transmit communicable diseases 
Donestic and may cause eutrophication 
Refractory organ Industrial 
wastes 
may cause taste and odour problem 
may be toxic or carcinogenic 
Heavy metals Industrial 
wastes 
toxic,may interfere with effluent 
streams 
Dissolved inorganic Increase above may interfere with effluent 
solids level in water reuse 
supply by danestic 
and/or industrial 
use 
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polluted with various chemicals, thus posing serious envi-
ronmental problem. A knowledge of the parameters most 
commonly associated with water and waste water treatment 
progresses is essential. Therefore,a detailed discussion of 
the parameters used to asses the Physical, Chemical and 
Biological characteristics of water is given below. 
Physical Water Quality Parameters; 
Physical parameters are defined as those characteris-
tics of water that respond to the senses of light, touch, 
taste or smell. Suspended solids, turbidity, colour and 
odour fall into this category. Density, temperature, the 
physical state of water (ice, water, vapour) also come in 
this category. These various physical characteristics of 
water are, no doubt, important in determining the fate of 
various chemical species, however, the detailed discussion 
is omitted here for reasons of brevity. 
Chemical Water Quality Parameters; 
A brief discussion of the important chemical species 
which are present in natural water and their inter-relation-
ship is given below:-
Total Dissolved Salts/Solids: The material remaining in the 
water after filteration for tho analysis of suspended solids 
is considered to be dissolved. This material is left as a 
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solid residue upon evoporation of water and constitutes a 
part of the total solids. Some of these dissolved organic 
constituants have been found to be carcinogenic. 
Acidity, Alkalinity and pH: Acidity and alkalinity are 
defined as the capacity to neutralise the equivalent sum of 
all bases and acids respectively. The pH which is the 
negative logarithm of the hydrogen ion activity is only 
directly related to acidity. The solubility of carbon di-
oxide and concentration of various carbonate species depend 
on the pH of water and they inturn also determine the pH. 
The pH of water below 5.6 is an indication of pollution. 
Salinity: The presence of salts in natural water affects 
the quality of drinking water.Higher concentration of salts 
and sodium sulphate can result from the waste material such 
as those encountered in oil mining operations. Apart from 
affecting the taste of water,presence of salts also affect 
plant life which cannot exist in high salinity. 
Hardness: Hardness caused by the presence of calcium and 
magnesium salts is well known and needs no further 
discussion or elaboration. This poses a problem in the use 
of water for industrial purposes, especially in the large 
scale use of water in boilers for raising steam. 
Ion-exchange methods, are generally used for the removal of 
hardness on plant scale. 
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Dissolved Gases: Dissolved oxygen and carbon dioxide are 
the two important constituents of natural water. At 
ordinary temperature and pressure, the solubility of oxygen 
is about 8 mg/litre. In water polluted with sewage this 
level will be lower and can reduce still further, unless 
methods of restoring oxygen are restored too. The tendency 
of aqueous system to consume oxygen is measured by two 
parameters viz., the biochemical oxygen demand (B.O.D) and 
the chemical oxygen demand (C.O.D.). 
Carbon dioxide plays a important chemical and bioche-
mical role in aquatic environment. Its concentration vary 
depending on the conversion of it into carbonic acid and 
carbonate depending upon the pH. Sea water at a pH close to 
8 has a total concentration of 2.3 x 10 ^ M/litre ascotpared 
to 1.2 X M/litre in fresh water. The CO^/0^ ratio is 
important in maintaining the balance of life forms of an 
aquatic system. 
Hydrogen sulphide and methane which are formed by 
microbial action on organic substrate, are indicative of 
gross organic pollution. 
Chemical Pollutants: It is commonly held opinion that many 
disease hitherto regarded as spontaneous are caused by 
environmenal pollutants. Pollution related diseases may 
become more common because of the exponential increase in 
the human exposure to new synthetic chemicals. 
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A number of substances both organic and inorganic can 
be included in this category. Inorganic and organic 
chemicals are widely used and manufactured in different 
industries, viz., paints and varnishes, dyes and dyestuffs, 
pharmaceuticals, plastic and rubber, rayon and silk, 
chemical and petroleum, fertilizers, pesticides and 
insecticides etc. Some organic chemical like benzene, 
nitrobenzene, benzidine, DDT, constituents of coal tar, 
parpathion, tetraethyl lead, trichloroethylene etc., pose 
potential health hazards (356, 358). 
Among the inorganic substances present in water as 
pollutants various chemical forms of elements like Pb, Cd, 
As, Hg etc. are of interest. The elements can be present 
either in the inorganic form as cations, hydroxy acids, 
carbonates, sulphate etc., or as organometallic compounds. 
The toxicity of these substances differ depending on the 
chemical form. The magnitude of degree of toxicity that 
range from mild irritation to death, may be based on spe-
cific adverse reactions to chemicals. It may include 
descriptions of specific organ damage such as liver cell 
death resulting (360) in a chemically induced hepatitis. 
The extent of eye and skin irritation as well as the extent 
of sensitization that results in an allergic reactions are 
additional indices of toxicity (361). 
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The toxicity of a chemical compound can not always be 
adequately predicted from its normal chemical reactivity 
because the body, in its attempts to metabolize the molecule 
to a more water soluble substance, may synthesize a highly 
selective material that is ultimate toxic agent (362). Many 
agents may act more specifically and cause cell death by 
converting lipids in membranes to peroxide and eventually 
destroying the membrane structure (363). 
Of the various inorganic substances; metals or elements 
are considered to be most common pollutant; although many 
elements like H, C, N, 0, Na, Mg, S, CI, K, Ca and P are 
considered to be essential for life. The elements, B, F, 
Si, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Mo, Sn and I are 
trace elements. These are the inert elements for which no 
essential physiological functions have been found, and their 
presence in the living organism is probably caused by 
contact with the environment. 
Elements that are present in low concentration in 
nature are normally toxic. The metals Pb, Cd, and Hg are 
not very abundent in nature and have prominent toxic 
properties. In the course of industrial activity, metals 
are released into the environment in several forms: water 
soluble species or insoluble precipitates that contaminate 
the rivers and lakes, metal containing particulate and 
volatile metal compounds that contaminate the atmosphere. 
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The volatile organometallic compounds are much more toxic 
than the relatively non-volatile inorganic compounds or the 
metal itself. (364, 365). Exposure to extremely low levels 
of environmental metal contaminates over long periods can, 
therefore, cause subtle health effects, which in some 
instances mimic chronic health disease. The table 1.4 gives 
an idea about the effects of some major pollutants and their 
maximum allowable concentration in the living environment. 
Metal toxicity is caused by the metal itself/or 
volatile compounds of the metal that are either inhaled or 
absorbed through the skin. Of the two forms of Cr(III) and 
Cr(VI), the hexavalent chromium is reported to be 
carcinogenic, where as tetravalent chromium is not toxic. 
Mainly the waste from a metal processing industry containing 
high concentration of some of the elements like copper, 
zinc, cadmium, murcury, arsenic, artimony, lead etc. cause 
serious problems and it is these waste which are of 
environmental concern. Exposure to extremely low levels of 
environmental metal contaminants over long periods can be 
fatal. 
Several anions and cations are present in water in 
trace levels. Their source can be traced in natural 
minerals which come into contact with water or can be 
attributed to various human activities. The concentration 
of fluoride ion more than Img/litre appears to be harmful to 
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teeth and bones (385). Nitrate, Phosphate and Nitrogen 
species occur in natural water from biological source. 
A number of review papers on the hazard of organic 
compound in water have been pictured out as challenge before 
chemists, biologists and hydrogeologists. More than 90% of 
water has got chances of pollution through organics in the 
form of organic compounds or matter derived from sewage, 
man-made wastes, industrial wastes,•bacteria, fungi, algae 
and protozoa. The bio-degradable organics have short term 
or intermediate effects through their interaction with living 
organism. Most natural organics consists of the decayed 
products of organic solids, while synthetic organics are 
usually the results of waste water discharges or 
agriculatural practices. Possible effects of such organics 
include genetic damage, cancer, malformation etc. 
The suspended impurities (386) in ground water may be 
organic in nature such as finely divided vegetable and 
animal matter, oil, fats, greases, micro-organism etc. 
Surface water (387) have a characterstic brown colour due to 
the presence of complex organic compound derived from water 
soluble peptizable components of soil humus and peat. Water 
available for domestic and industrial use is soft and always 
contains considerable humic substances (388) in the form of 
heterogeneous condensation of decomposed plant materials. 
These are aromatic in nature. Swampy water (389) may appear 
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black because of "ink" formed by combination of organic 
acids with tannates and gelates. 
The water taste and odour is affected by the presence 
of inorganic and organic constituents (390). Many odorous 
compounds have been found in surface waters including a 
number of chlorinoted benzenes, anilines and phenols. Most 
of the chemicals (391) may originate from municipal and 
industrial waste discharges, natural source (such as 
decomposition of vegetable matter) or from associated 
microbial activity. 
Since liquid hydrocarbons are fat solvents, excess 
skin exposure will remove its fat and result in the 
inflammation of skin (392). Repeated exposure to benzene in 
man leads to a progressive disease aplastic anaemia (393). 
The present limit for exposure in 1 PPm in air for a 40 hrs 
work weak (394). Bromobenzene and related compounds have 
shown live toxicity (363). 
Toxicity by polychlorinated biphenyls can be seen by 
skin eruptions, peripheral neuropathy and serum indications 
of liver function disturbances (395). Polynuclear aromatic 
compounds have been found carcinogenic having ability to 
bind DNA for cancer to occur (363). Chlorinated hydro-
carbons (CCl^, CHCl^ etc.) have been found to seriously 
damage the liver and vinyl chloride and vinylidine chloride 
are considered as potential carcinogenics (396). Certain 
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chlorinated hydrocarbons also cause cardiac inflammations at 
high concentrations (397). 
The aromatic alcohols, phenols and cresols are 
recognised as general protoplasmic poison which are toxic to 
all cells (398). They damage the kidney, liver, pancreas 
and spleen and fluid accumulation in the lungs may also 
result (367). The main effect after a large single expsure 
is damage to central nervous system because these compounds 
destroy many types of nerve cells. 
The primary effect of sulphur containing organic 
compound, is on the central nervous system, causing 
peripheral nerve damage and irritability to manic depressive 
psychosis (399). Most of the arcxnatic amines dirived from 
polycyclic hydrocarbons have been found to show carcinogenic 
activity (363). Nitro derivatives of (362) amines have 
found -to cause tumors. 
There are some compounds that we thought to be directly 
acting as carcinogens and they include alkylamines, 
alkylene, epoxides, aryl expxides, small ring lactone, 
nitrogen mustards and active carbon compounds like diphenyl 
and triphenyl amines 
Pollution of water by organic pesticides (399) has been 
organised to the types of organic pesticides. There are a 
large number of such compounds which affect the water 
quality criterion for drinking and agricultural purposes. 
Table 1.5 describes the criteria for quality of water for 
human consumption (400). 
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Table 1,5 : Quality of Water for Human Consumption 
Guide level maximum admissible 
concentration 
PH 
Conductivity 
Sulphate 
Chloride 
Nitrate 
Nitrite 
Fluoride 
Calcium 
Magnesium 
Sodium 
COD (Permagnate) 
Phenols (not natural one) 
Surfactants 
Organochlorine solvents 
Pesticides (total) 
PAH'S 
Heavy metals : copper 
Arsenic 
Cadmium 
Mercury 
Lead 
6.5 - 8.5 
400 SCm"^ 
25 mg/lit. 
25 n^/lit 
25 mg/lit 
100 mgl"^ 
30 mgl~^ 
20 mgl"^ 
2mgl"^ 
1 gl - 1 
100 gl - 1 
250 mgl - 1 
50 mgl 
0.1 mgl 
1.0 mgl 
- 1 
- 1 
- 1 
150 mgl 
5 mgl ^ 
0.5 mgl 
200 mgl 
- 1 
- 1 
- 1 
0.5 gl 
0.2 gl 
- 1 
- 1 
50 gl~^ 
50 gl 
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ION-EXCHANGE AND POLLUTION CONTROL 
Basically the control of pollution is accompalished by 
prevention and control. Control and reduction of pollutants 
from their source is necessary. Efforts are being made in 
this resnpr;t. Various methods and analytical techniques are 
used to monitor the extent of pollution and for this 
purpose, first the recognition of pollutants is done, 
followed by sampling and their estimation is carried out to 
evaluate the levels of contaminants present. The degree, 
existing levels of toxic chemicals and extent of exposure to 
the workers in the industrial working environment is 
estimated. 
Protection starts with the measurement and method of 
eleminating pollution or reducing wastes to levels unharmful 
to the public and ecological balance. New methods are being 
applied with vigour and determination, both by industry and 
public authorities. Measurement by a variety of analytical 
methods is the only way to ensure that methods are effective 
and also to detect when and where pollution occurs so that 
more preventive action can be initiated. 
Ion-exchange methods have occupied a firm position in 
controlling the pollution (401) . Various toxic elements can 
be removed using the process of ion-exchange. Fluorine and 
nitrobenzene have been removed from urine. 
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Koerts (402) have discussed the use of ion-exchange for 
the selective removal of Hg, Pb etc. and concentration of 
trace metals from effluent streams. Pawlowski et al have 
used the ion-exchange methods for the purification of waste 
water from the manufactured of nitrogen compounds (403). 
The use of ion-exchangers for the recovery of valuable 
metals (eg. Ag.) from industrial waste water has been 
described recently (403). Ion-exchange methods have also 
been used for the selective removal of ionic impurities from 
industrial effluents and sewage (404). 
A simple and sensitive spot test employing a cation 
exchanger as a reaction medium has been developed for the 
detection of some chemical carcinogens and cancer suspecting 
agents (405). Zinc has been removed from pickling liquor by 
metal separating ion-exchange process, in which the ZnCl2 is 
sorbed as ZnCl^, eluted with water and converted to zinc 
sulphate (406) by liquid ion-exchange extraction and elution 
by H2S0^. Caiman has reviewed the process of ion-exchange 
for the removal of Hg recently (407). 
Pawloswki et al. (403, 408) have published a number of 
reviews, describing the use of ion-exchange methods in the 
treatment of waste water. Ambrus has described applications 
of ion-exchange processes for the control of pollution in 
water including heavy metals (Pb, Cu, Ni, Cd, Zn) from metal 
plating processes, organics such as phenolic compounds. 
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waste acids etc. (409). The ion-exchange separation of rare 
earth elements from rocks and minerals has been recently 
described (410), Recently a book on the use of ion-exchange 
methods and their applications to inorganic analytical 
chemistry has been appeared (411). 
lon-chromatographic methods, a form of ion-exchange 
chromatography have been developed for the analysis of 
anions and cations in environmental samples. This method 
2 -
has been found useful for the determination of SO^ > SO^ and 
2_ 
S2O2 in aqueous solution (409). Walton has discussed the 
method of ion-exchange as an analytical tool (401) in 
controlling pollution. Ion-exchange method currently 
employed to the determination of Cd, Zn, Cu, Tl, Be, Co, Mn, 
Mo, V, U, and Th in natural water, including drinking water, 
river water and sea water has been successfully achieved. 
The technique is based on ion-exchange enrichment of the 
metals as their anionic complexes (412, 413). 
Although a large number of amorphous inorganic ion-
exchangers, selective for certain metal ions (414) have come 
into existance, still the attempts are being made to explore 
the applications of inorganic ion-exchangers in controlling 
the pollution problem. Selective ion-exchanger Lewatite OC 
1019, 1034 are found ideal for the immobilization of heavy 
metal ions (ZrO^"^, Cu^ "*", Pb^ "*") in soil (415). Zirconium 
phosphate (27, 101, 102, 109, 110) and zirconium hydroxide 
are directly used for the removal of ionic impurities from 
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water at high temperature in pressurized water reactor. 
Hydrous aluminium oxide and hydrous ferric oxide have 
also been used (416) for the removal arsenic(V). Connor has 
described a method for the removal of Hg from water 
utilising the radio tracer mercury, in the form of m.ercury 
II chloride using adsorbents such as hydrous aluminium and 
iron oxides as well as montmorillonite clay (417). Hydrous 
tantallum oxide is a cation exchanger suitable for the 
purification of nuclear reactor cooling water at high 
o 
temperature upto 300 C (73,74). Selective separation of 
silver from waste solution has been achieved on Cr(III) 
hexacyanoferrate ion-exchanger (418). Mo has been recovered 
from ammonium molybdate containing waste water by adsorption 
on an ion-exchanger (419). Recently a silver selective 
ion-exchanger, sodium stannosilicate has been described by 
Rawat and Ansari (346). 
Qureshi and Rhaman have successfully removed low 
molecular weight carboxylic acids from water using a cation 
exchanger zirconium(IV) selenophosphate (327). Zirconium and 
titanium arsenophosphates (307) and zirconium arsenosilicate 
(321) have been used for the analysis of alloys and rocks. 
Such materials have also been utilized for the separation 
and determination of metal ions from some antacid drugs and 
multivitamin and multi-mineral formulations (321). New 
chelating ion-exchangers have also been developed recently 
65 
(177) finding applications in the removal of inorganic 
anions and cations. 
An attempts has been made in the direction of 
adsorption of pesticides on these ion-exchangers. Antimony 
silicate (266) has shown a highly enhanced adsorption of 
carbofuran as compared to soil. Phenols has been removed by 
adsorption of granulated activated carbon (420, 421). 
Thus inorganic ion-exchangers have multipurpose 
applications. They can also be utilized as impregnants on 
papers and glass plates in planar chromatography. Further 
they can also be used as packing material in ion-chromato-
graphy in the environmental samples. 
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CHAPTER - II 
SYNTHESIS AND CHARACTERIZATION 
OF A NEW THREE-COMPONENT ION-
EXCHANGE MATERIAL: ZIRCONIUM 
(IV) ARSENOVANADATE. 
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INTRODUCTION 
Analytical applications of synthetic inorganic ion-
exchange materials with higher selectivities and resistance 
at moderately high temperature have now been well 
established (1). Acidic salts of multivalent metals, 
prepared in combination with the anions of phosphate, 
arsenate, tungstate etc. as two component ion-exchangers 
have been studied most intensively (2,3). Zirconium 
phosphate is directly used for the removal of ionic 
impurities from water at high temperature in pressurized 
water reactors (4,5). Moreover, they are very effective in 
the removal of trace 'inorganic constituents' (6). Phosphate 
and arsenate of zirconium show good thermal and chemical 
stabilities (2,3), while a little work has been done on 
zirconium vanadate (7). 
In order to get a reproducible chaidcLtiristics of 
inorganic ion-exchangers, various sets of condition are 
employed for the preparations. These are (i) aging (ii) pH 
control of the gel so formed (iii) sequence of one reagent 
to another (iv) refluxing etc. A study of literature show 
that the three-component ion-exchanger possesses increased 
ion-exchange capacity and selectivity as compared to the two 
component materials (8-22). The increased ion-exchange 
capacity can be explained in terms of three dimensional 
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network of ion-exchange material and pka values of acid 
anionic groups incorporated into the matrix (17). In this 
chapter, the preparation and properties of zirconium (IV) 
arsenovanadate has been discribed. It has successfully been 
used for the quantitative separation of Cr^ "*" from numerous 
metal ions. 
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EXPERIMENTAL 
Reagents : Zirconium oxychloride (BDH), disodium hydrogen 
arsenate (E%Merck) and sodium metavanadate (E. Merck) were 
used for synthesis of ion-exchange material. All other 
chemicals were of analytical grade. 
Apparatus : Toshniwal (India) single electrode pH meter 
was used for pH measurement. A Bousch and Lomb spectronic 20 
and Spectronic 1001 Spectrophotometers were used for 
spectrophotometric measurements. 
Synthesis : Zirconium (IV) arsenovanadate ion-exchanger 
was prepared by mixing 0.05M disodium hydrogen arsenate and 
0.05M sodium metavanadate to 0.05M zirconium oxychloride in 
different volume ratios at pH 1. The gel so formed was kept 
standing for 24 hrs. at room temperature. It was then 
filtered and washed with distilled water several times to 
o 
remove excess reagent, and dried at 40 C in an oven. The 
material was broken into smaller particles by shaking in 
distilled water. The ion-exchanger granules which showed 
cationic properties, were converted into H^ form by 
immersing in 1.OMHNO^ for 24 hrs. These granules were 
washed distilled water till they get a p H 6 and dried at 
o 
40 C. The different samples prepared under different set of 
conditions are named: ZAV^, ZAV2, ZAV^, ZAV^. Sample ZAV^ 
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is chosen for furrtY^er studies due to its high ion-exchange 
capacity and theTrma.1 and chemical stability. 
Ion-Exchange Ca.p>acity : A 0.5 g exchanger in h"^  form was 
packed into tine column (0.6 cm. i.d.) with glass wool 
support. I o n — e x c h a n g e capacity was determined as described 
earlier (I.-7), by passing IM solution of different univalent 
and bivalent metal salts. 
Chemical Stability : A 0.50 g exchanger material (ZAV^) 
was equilibrated with 50 ml of the solution of interest at 
room temperature and kept it for 24 hrs. with occasional 
shaking. Zirconium ions released in the solution were 
determined titrimetrically using xylenol orange as indicator 
(23). Arsenic and vanadium were determined spectrophoto-
metrically using ammonium molybdate-hydrazine sulphate (24) 
and sodium tungstate (25) as colouring reagent respectively. 
The results are summarized in Table 2*3. 
pH-titration : The pH titration of ion-exchange material 
(ZAV^) was carried out by the method of Topp and Pepper 
(26). Several samples of exchanger (0.5 g) were equilibrated 
with 50ml of 0.IM KCL-KOH and 0.IM NaCl-NaOH solutions. 
X-ray diffraction : X-ray diffraction patterns were taken 
on a Philip P.W. 1140 diffractometer using nickel filtered 
Cu-Ka radiation. 
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Chemical Composition : For the determination of chemical 
composition of the sample (ZAV^), O.lOg of exchanger was 
dissolved in hot concentrated sulphuric acid, the solution 
was then diluted to 100ml with distilled water and zirconium 
arsenic and vanadium were determined (23, 24, 25). The mole 
ratio of Zr, As and V was found to be 3:2:1. 
Infrared Spectrum : Infrared analysis of zirconium (IV) 
arsenovanadate was performed using KBr technique. 
Thermogravimetry : Thermogravimetric analysis of the 
sample ZAV^ in H"'"-form was performed at a heating rate of 
o 
10 C/min. The physico-chemical transitions were indicated in 
Thermogram (Fig. 24). 
Distribution Coefficient : The distribution coefficient 
for 21 metal ions in different solvent systems were 
determined. A 0.50 gram of exchanger in H"^-form (40-50 mesh) 
_2 
was treated with 50ml of 1x10 M metal salt solution in 
250ml Erlenmeyer flask. The mixture was then kept for 24 hrs 
at room temperature. The amount of metal species left in the 
solution was then determined by tirating against the 
standard solution of EDTA. The Kd values were calculated 
according to the formula. 
Kd = 
m moles of metal ionic species in the exchanger phase/gm 
of exchanger 
m moles of metal ionic species left in the aqueous phase/ 
ml of the total volume of resultant solution. 
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Separation of metal ions : Quantitative separation of 
metal ions were achieved on a 0.6 cm (i.d.) glass column 
using 5.0 gram exchanger (40-50 mesh) in H'''-form. A metal 
ion mixture was poured on the top of the column. The flow 
rate of the effluent was maintained at 1 ml min ^ throughout 
the elution process. 
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RESULTSAND DISCUSSION 
Table 2.1 describes the preparation of samples of 
zirconium (IV) arsenovanadate and it is apparent from the 
table that ion-exchange capacity increase with the increase 
of arsenic content of the reactants in the mixture to a 
certain extent. 
The ion-exchange capacity for alkali and alkaline earth 
metal ions are determined by column method and reported in 
Table 2.2. It clearly indicates that the ion-exchange 
capacity increases with the decrease of the ionic potential 
(z/r) of the ingoing metal ions. This exhibit a similar 
relationship because ion-exchange capacity should decrease 
with the increasing ionic radii and increase with the 
electrical potential. This is in agreement with the 
findings of Nachod and Wood (27) \7hile investigating the 
exchange of alkali and alkaline earth metal ions on a 
zeolite. 
Stability of zirconium (IV) arsenovanadate in different 
solvents have been shown in Table 2.3. The ion-exchange 
material can be utilized for the separation of metal ions 
involving dilute mineral acids and neutral solutions. The 
material is also quite stable in moderate concentration of 
organic acids, like acetic acid and formic acid. In sodium 
hydroxide there occurs deterioration in its stability on 
increasing the concentration of alkali. 
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Table - 2.2 Ion-exchange capacity (meq/g-dry exchanger) of 
zirconium(IV) arsenovanadate (sample ZAV_) for 
o ^ various cations at pH 6.5 and 25 i 1 C. 
Sample Cation Ionic Hydrated Ionic Ion-exchange 
No- potential radious (A°) capacity (meq/g 
dry exchanger). 
1. Li"^  1.47 10.0 0.87 
2. Na"^  1.02 7.9 1.20 
3. K"^  0.75 5.3 1.30 
4. Mg"^ 3.08 10.8 0.65 
5. Ca"*^  2.02 9.6 0.87 
6. Sr"^ 1.77 9.4 0.88 
7. Ba"^ 1.48 8.8 0.93 
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Table-2.3 Chemical stability of Zirconium(IV) arsenovanadate 
(sample ZAV^) in different solvents. 
Solvents ZircX)nium(IV) Arsenic Vanadium 
released released released 
mg/50 ml mg/50 ml mg/50 ml 
0.00 0.00 0.00 
l.OM HCl 0.27 0.90 0.14 
2.CM HCl 0.03 0.80 0.18 
4.0M HCl 1.36 2.00 0.29 
l.OM HNO^ 0.22 0.40 0.00 
2.DM HNO^ 0.82 0.80 0.21 
l.OM H2S0^ 3.19. 3.00 1.20 
2.0M H2S0^ 3.99 4.10 2.40 
l.OM HCIO^ 0.22 0.13 0.00 
2.0M HCIO^ 0.45 0.29 0.00 
O.IM CH^COOH 0.00 0.00 0.00 
0.25M CH^CCDH 0.00 0.00 0.00 
0.50M CHjCOOH 0.00 0.00 0.00 
0.60M CH^OOOH 0.00 0.00 0.00 
l.OM CH3aOOH 0.00 0.00 0.00 
2.0M CH^OOOH 0.13 0.15 0.12 
l.OM HCOOH 0.00 0.50 0.00 
O.IM NaOB 1.2 0.98 0.70 
l.OM NaOH 4.65 2.70 2.87 
2.0M NaOH 10.74 5.40 6.95 
O.IM NH^OI 0.00 0.70. 0.00 
l-butanol 0.00 0.02 0.00 
Ethanol 0.00 0.00 0.00 
1/ 4-Dioxane 0.00 0.00 0.00 
DMSO 0.00 0.05 0.02 
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X a 
0 1 2 3 A 5 
meq. of OH od ded/0.5 gm of exchanger 
Fig. 2.1 pH-titration curve of zirconium(IV) 
arsenovanadate in H+-form 
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Table 2.4 X-ray powder diffraction pattern of various 
in h"*" form heated at different temperature • 
d/A° 1% d/A° 1% d/A° 1% 
A B C 
3.^ -4 100 3.43 100 1.67 100 
2.08 76.56 2.67 52.89 1.38 51.74 
1.24 34.43 1.54 52.89 
1.37 52.89 
d/A° 1% d/A° !%• d/A° 1% 
D E F 
3.74 100 3.69 32.65 2.32 74.80 
3.42 55.52 3.33 100 2.08 100 
2.03 39.37 2.00 63.62 1.29 74.80 
1.79 39.37 1.63 16.38 
15.59 39.37 
d/A° 1% d/A° • 1% d/A° 1% 
G H I 
3.79 100 5.68 8.59 7.64 0.98 
1.52 27.44 4.88 5.50 5.68 28.18 
1.22 25.80 4.55 1.30 5.12 0.98 
4.20 100 4.89 4.02 
3.96 4.62 4.22 100 
3.78 70.63 3.91 8.96 
3.45 60.10 3.78 65.89 
3.41 25.82 3.41 59.06 
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2.4 
d/A° 
Continued 
1% d/A° 1% 
H I 
3.23 1.45 3.34 57.65 
2.99 21.09 3.22 1.93 
2.94 9.18 3.06 3.09 
2.83 1.16 2.99 17.10 
2.74 1.09 2.84 3.09 
2.55 41.60 2.73 2.10 
2.44 5.50 2.55 33.31 
2.39 8.22 2.54 24.39 
2.34 15.28 2.43 9.15 
2.26 8.79 2.38 26.89 
2.22 1.87 2.34 13.26 
2.05 3.57 2.26 7.89 
1.98 4.76 2.225 6.56 
1.94 4.21 2.221 2.68 
1.89 7.49 2.05 4.15 
1.84 5.50 1.98 8.96 
1.81 5.20 1.94 2.55 
1.73 5.50 1.89 8.60 
1.63 16.05 1.84 5.08 
1.57 3.45 1.70 8.24 
1.53 3.09 1.63 14.88 
1.49 6.13 1.52 3.32 
1.41 3.09 1.49 5.36 
1.37 3.09 
1.29 1.38 
A = dried at 40 C, B = after heating at 100 C, C = after 
heating at 200°C, D = after heating at 300°C, E = after 
heating at 400°C, F = after heating at 500°C, G = after 
heating at 600°C, H = after heating at 700°C, I = after 
heating at 800°C. 
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FIG. 2.3 x-ray diffraction supectra_|_of various samples of 
Zr(IV) arsenovanadate in H -form heated at 
different temperatures, 
temperature. 
a = /lo'c b = loo'c c = 2oo''c d= a o c c 
e = 400'C £ = 500'C g = 600'C h = 700»C 
i = 800°C 
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The pH titration curve of zirconium (IV) arsenovanadate 
shows (Fig. 2.1) two inflection points which indicate that 
the exchanger is bifunctional. The first end point occurs at 
1.3 and 1.2 meg/g and the second end point at 2.6 and 2.45 
meg/g exchanger for K^ and Na"^  ions respectively. 
The IR spectrum of zirconium (IV) arsenovanadate in h"*" 
form is shown in Fig. 2.2. A very strong peak in the 
region 3400 cm ^ - 2900 cm~^ with a maximum at 3300 cm~^ 
represents the interstitial water molecule, free water and 
OH groups and these bands are indicative of strongly 
hydrogen bonded OH or strongly coordinated H2O (28). Another 
peak in the region 1700 - 1580 cm ^ is the characteristics 
of H-O-H bending vibrations. The band occurred in the region 
1000-750 cm ^ is due to the presence of arsenate and 
vanadate (29). 
X-ray diffraction (fig. 2.3) pattern revealed that the 
exchanger is amorphous at room temperature and this 
o 
behaviour applied upto 600 C. Crystallinity appeared above 
o 
600 C and there is an increase in the number of lines with 
the increase in temperature. It shows a good X-ray pattern o 
at 800 C and d values are identical to those of a mixture of 
corresponding oxides (Table 2.4). 
The thermogram of zirconium(IV) arsenovanadate (sample 
ZAV^) in H^-form (Fig. 2.4) shows a continuous loss in o weight (8%) upto 145 C is due to the loss of external water 
o o 
molecules. The weight loss again observed from 145 C to 370 q^ 
107 
corresponds to the total loss in weight is 12.5%. This 
weight loss may be due to the condensation of OH groups. 
o 
Above the temperature 370 C, the weight becomes constant due 
to the formation of anhydrous zirconium(IV) arsenovanadate. 
The zirconium(IV) arsenovanadate exchanger is prepared 
at pH 1. The elemental analysis indicate that the material 
has Zr: As: V ratio 3: 2: 1. From the aqueous chemistry of 
vanadium it can be seen that in acidic medium vanadate 
exists according to the following equilibrium (31) 
3V03(0H)^~ + V^Og" + 3H2O 
The trimeric species may be considered to be built up 
by the polymerization of H2V0^ ion as evidenced from the emf 
o 
measurements at 4 C in the acidic range, that major species 
present are V^Og" and V^O^"^ (32). On the basis of aqueous 
chemistry of vanadate, chemical analysis of material, pH 
titration curve, IR spectrum and theromogravimetric 
analysis* the following formula may be proposed for this 
exchanger. 
{ZrO)g (HAsO^)g (V^Og) (OH)^. n H2O 
The weight loss due to the presence of external water 
molecule in the gel is 8.0% of the total weight, then the 
number of such water molecule per mole of the exchanger was 
determined on the basis of Alberti's equation (30). It gives 
the value of such water molecule as 10.39. If we assume that 
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Pig. 2.4 Thermogram of zirconium(IV) arsenovanadate 
in H''"-form 
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three hydrogen ions are exchanged at pH around 7, and 6 
hydrogen ions are exchanged at pH 11, the ion exchange 
capacity calculated from the above formula is 1.9 meq/g and 
1.58 meq/g fer k"^  ion respectively which is in accordance 
with the experimental values (1.30 and 2.60 meq/g of k"*" 
ion) . 
It is clear from the table 2.5 that the distribution 
coefficient (Kd values) vary with the composition and nature 
of contacting solution. Kd values of metal ions decrease in 
general with increase in 1^4-Dioxane content of the system. 
It has been observed that in most of the cases Kd values 
increase with the increase in the concentration of acetic 
acid, however, in case of rare earth there is a little 
effect. 
The sorption studies on zirconium(IV) arsenovanadate 
for different metal ions conclude that a number of important 
separations are possible. Separation is dependent on the 
difference in the adsorbabilities of two metal ions. Thus 
some important separation of industrial and analytical 
utility have been successfully achieved on zirconium(IV) 
arsenovanadate column. Results are summarized in Table 2.6 
and elution profiles are shown in Fig. 2.5 (a....j). 
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1.0 M CH3COOH 
10 20 30 50 60 '0 80 
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( 1 ) 
Fig. 2.5 (a) Separation of Zn2+-Cr3+ 
(b) Separation of 
(c) Separation of Co^^-Cr^"^ 
(d) Separation of Cu^^-Cr^"^ 
(e) Separation of Mg^ '^ -Cr^ "'" 
(f) Separation of Sr2+-Cr3+ 
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Fig. 2.5 (Continued) 
(g) Separation of 
( h ) 
(i) 
(j) 
Separation of Hg^ '^ -Cr^ "'" 
Separation of 
Separation of 
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CHAPTER - III 
SORPTION OF FLUORIDE ION ON 
ZIRCONIUM(IV) ARSENOVANADATE 
ION- EXCHANGER. 
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INTRODUCTION 
In recent years a•great concern has been universally 
voiced regarding the protection of water quality which led 
to the development of new analytical methods for the removal 
of potentially hazardous water pollutants (1). Various 
organic and inorganic pollutants exist in water at a higher 
concentration above than their normal ambient level 
prescribed by the environmental protection angency, may be 
harmful to human life. Fluoride ion present in excess of 
iPPm in drinking water causes certain bone diseases, 
mottling of teeth and lesions of endocrine glands, thyroid, 
liyer and other organs (2). 
A number of methods have been reported (3-5) for the 
removal of fluoride ions from water. An adsorption process 
has been developed for removing fluoride ion from waste 
water which reduces fluoride ion concentration to < Img/L 
using the adsorbents hydrous cerium oxide powder or polyole-
finic resin beads (6). Hydrous zirconium oxide has also been 
used for removal of fluoride ion from aqueous solutions (7). 
A strong cation-exchange resin in Th, Zr, Ti forms has been 
used for the removal of fluoride ion from aqueous solutions 
(8). Fluoride ions (9) can also be removed from aqueous 
solutions by weak base anion — exchange resin, such as 
polystyrene resin with —N(R)2 or —N(R)20H groups . 
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In this study the adsorption behaviour of F~ on an 
inorganic ion exchange material i.e.; zirconium(IV) 
arsenovanadate at different temperatures and pH conditions 
has been described. A comparision has also been made for the 
sorption of fluoride ion or zirconium (IV) arsenovanadate to 
that obtained on an anion exchange resin Amberlite IR-400 in 
Cl~ form. 
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EXPERIMENTAL 
Reagents : Zirconium oxychloride (BDH), disodium hydrogen 
arsenate (E. Merck) and sodium metavanadate were used for 
synthesis of ion-exchange material. All other chemicals were 
of analytical grade. 
Apparatus : Toshniwal (India) single electrode pH meter 
and Ion-Analyzer with fluoride ion selective electrode 
(Consort, Belgium) were used for pH measurements and 
fluoride ion determination respectively. 
Synthesis of ion-exchange material : Zirconium(IV) 
arsenovanadate ion-exchanger was prepared by mixing 0.05M 
disodium hydrogen arsenate and 0.05M sodium metavanadate to 
0.05M zirconium oxychloride solution in the ratio of 1:3:1 
(Zr:As:V) at pH 1. The gel so formed was kept for 24 hrs. at 
room temperature to ensure complete precipitation. It was 
then filtered and washed with distilled water to remove 
o 
excess of reagents and dried at 40 C in an oven. The dried 
material was immersed in distilled water to break into small 
granules and was converted into H"''-form by treating the 
material with 1.OM HNO^ for 24hrs. with occasional shaking. 
The H"^  —form of the material was further converted into 
desired ionic forms by treating the material with the 
solution of interest. 
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Procedure : Sorption capacities of zirconium(IV) 
arsenovanadate in Ca^^, Al^^, and La^ "*" forms were 
determined by the batch method. Ion-exchanger material in 
the desired ionic form (0.5g) and 50 ml of aqueous solution 
containing fluoride ion at various concentration (0.95 to 
95.0 PPm) in a 100 ml polyethylene flask was shaken in a 
thermostated water bath at 20, 30, 40, and 50°C for 8 hrs. 
The ion-exchanger was then removed by filteration. The 
concentration of the solute in the filterate was determined 
using fluoride ion selective electrode and from this value 
the sorption capacity (m.moles/g dry exchanger) and percent 
uptake for the sorption of fluoride ion was calculated by 
following equation. 
conc. of F~ in exch. phase 
Percent uptake (U%) = xlOO initial conc.of F~ in water 
The column experiments were carried out using 0.6 cm 
(i.d.) glass column packed with 2. Og of zirconium (IV) 
2+ 
arsenovanadate in Ca form. The sample solutions of variny 
concentration v\?ere passed through the column at a flow rate 
1ml min. 
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RESULT AND DISCUSSION 
The sorption capacities of zirconium(IV) arsenovanadate 
in Ca^ "*", Al^"^, and La^"^ forms for fluoride ion in batch 
process are shown in table 3.1. The sorption capacity 
decreases in the following order. 
Exchanger -Ca^ "*" > Exchanger Exchanger-La^"*" 
2+ 
The ion exchange material in Ca form has been taken for 
further studies due to its selectivity towards fluoride 
ions. 
It is observed from the table 3.2 that the percent 
o 
uptake of fluoride ion is optimum at 30 C and shows a 
decreasing trend above and below this temperature. The order 
of uptake of fluoride ion is pH dependent and it decreases 
with the increases in the pH values of the solutions. The 
results of similar measurements on Amberlite IR-400 in Cl~ o 
form at 30 C are shown in table 3.3. The ability of 
zirconium(IV) arsenovanadate in Ca^^ form to exhibit a 
strong affinity towards fluoride ions, particularly in low 
concentration region (Fig. 3.1), may be attributed to small 
particle size with large surface area, where a chemical 
reaction is more favourable and stable. The reaction 
mechanism of such types of reactions are supposed to be 
intraparticle diffusion control. This fact is confirmed by 
showing no effect of the presence of ammonium salts (Table 
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Table 3.2 Percent uptake of F ions on zirconiura(IV) arsenovana-
2+ date in Ca form at different pH values and temps. 
Initial loading (PPmi,''^  Percent uptake of F ion at different pH values 
y "^erperature 
y 
2 3 4 5 6 
Tanperature 20 C 
95.00 45 44 44 44 41 
9.50 65 58 55 53 51 
0.95 99.10 99.0 99.0 99.0 99.0 
o 
Ten^ jerature 30 C 
95.00 78.08 67.56 52.81 52.08 51.47 
9.50 97.57 93.15 89.57 85.25 83.14 
0.95 99.90 99.85 99.85 99.80 99.80 
o 
Terperature 40 C 
95.50 76.98 76.44 56.26 50.42 49.44 
9.50 90.62 89.93 86.57 81.04 81.04 
0.95 99.20 99.18 99.18 99.10 99.10 
0 
Teniperature 50 C 
95.00 69.79 55,16 54.18 49.40 48.09 
9.50 83.99 83.09 83.00 82.41 79.98 
0.95 99.00 99.00 99.00 99.00 99.00 
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Table 3.4 Effect of anunonium salts on Ithe sorption of fluoride 
ion on zirconium(IV) 
different temperatures 
2+ arsenovanadate in Ca -form at 
initial loading^ Percent uptake of F in presence of airmonium salt solns. 
(PPm) ^ 
o 
Toiperature 0. IN 0. IN 0. IN 
OTCOOrR (I^TH NHCl 
Temperature 20°c 
95.00 26.80 24.70 22.20 
9.50 92.74 92.74 92.26 
0.95 99.27 99.27 99.20 
Tanperature 30 C 
95.00 58.7 58.7 40.40 
9.50 96.02 96.77 93.86 
0.95 99.60 99.50 99.40 
o Temperature 40 C 
95.00 50.40 50.40 37.90 
9.50 96.68 96.68 96.00 
0.95 99.50 99,50 99.37 
o Toiperature 50_C 
95.00 42.00 31.30 27.00 
9.50 94.25 93.13 93.13 
0.95 99.50 99.50 99.33 
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4) a. AO 
2 0 
a 
i- a 
A 
PH 
Fig. 3.1 Percent uptake of Fluoride ion at different pH 
a= Zr(IV) arsenovanadate in Ca2+-form 
b= IR-400 in CI" -form 
(A) = initial loading 95 ppm 
(0)= initial loading 9.5 ppm 
amount of exchanger= 0.50 g 
temperature= 30+2°C 
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3.4). In homogeneous medium the presence of ammonium salt 
has been found profound towards the stability of CaF2(lC,ll) 
In order to achieve practical applications the break 
through experiments using the column method were performed. 
Different concentrations of fluoride ions (24, 40/ 48 PPm) 
was passed through the column at a flow rate of 1ml min 
The effluent from the column was collected and the 
concentration in it was determined using fluoride ion 
selective electrode and the percent uptake was calculated 
(Table 3.5). The results obtained by the column method 
2 + 
conclude that zirconium(IV) arsenovanadate in Ca form can 
be used to remove the fluoride ion from drinking water and 
is also superior to Amberlite IR-400 in Cl~ - form. 
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Table 3.5 Percent uptake of fluoride ion by column method 
2+ 
using zirconium(IV) arsenovanadate in Ca form 
at 30 + 2°C. 
Concentration of F~ ion Percent uptake 
(PPm) 
24 100.00% 
40 99.99% 
48 99.99% 
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CHAPTER - IV 
SORPTION OF PHENOLIC DERIVA-
TIVES ON ZIRCONIUM(IV) ARSENO-
VANADATE. 
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INTRODUCTION 
Although some phenolic compounds occur naturally, 
phenoles are common pollutants in industrial wastes, 
particularly in effluents from coking plants, and brown coal 
distillation plants (1). Phenol is lethal to fish at quite 
low concentrations, causing the death of trout after 3 hours 
exposure at 6 g ml ^ level (2). Some phenols can adversly 
affect the taste of water at very low concentration and are 
toxic to aquatic life (3). Reverse osmosis (4, 5), hyper 
filteration (6) and photooxidative destruction (7) are some 
of the methods reported for the removal of phenolic deriva-
tives. Oxidation of phenol on filtering fibrous carbon-
graphite anodes in an aqueous solution (8) coagulation (9) 
are also the methods used for the removal of traces of 
phenolic dirivatives from water. 
Adsorbents have been used for the removal of phenolic 
pollutants from water and waste water for many years and 
among the adsorbents activated carbon has been extensively 
studied (10-14). Porous polymeric adsorbrents based on 
styrene-divinyl benzene matrix (15), ion-exchange resins 
Zonae AFP39 (16) and -cylodextrin polyurethane resin (17) 
have been used as adsorbents for the removal of phenolic 
pollutants in v/ater. A review (18) has recently appeared on 
the use of synthetic inorganic sorbents in water treatment 
for the removal of phenolic derivatives. 
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In this investigation we describe the applications of a 
synthetic inorganic ion-exchanger zirconium(IV) arsenovana-
date in Fe^^ —form as sorbent to concentrate phenolic 
compounds in artificial samples of water. The sorption 
capacities of the material have been determined to evaluate 
the possibility of the material to collect the phenolic 
compounds dissolved in water. 
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EXPERIMENTAL 
Reagents : Zirconium(IV) oxychloride (BDH),disodium 
hydrogen arsenate (E.Merck) and sodium metavanadate (E. 
Merck) were used for the synthesis of ion-exchange material. 
All other chemicals and reagents used, were of analytical 
grade. 
Apparatus : A Bousch and Lomb. Spectromic 1001 colorimeter 
was used for spectrophotometric measurements. 
Synthesis : Zirconium(IV) arsenovanadate ion-exchanger was 
synthesized by adding an aqueous solution of 0.05M disodium 
hydrogen arsenate and 0.05M sodium metavanadate to an 
aquneous solution of 0.05M zirconium(IV) oxychloride in the 
ratio 3:1:1 respectively, at pH 1. The gel so formed was 
allowed to settle for 24 hours, washed with demineralized 
water to remove excess reagents and finally filtered under 
o 
su'Ttion. It was then dried at 40 C in an oven. The dried 
material was treated with demineralized water so as to 
convert the material into smaller particles. This treatment 
was exothermic in nature. The material was first converted 
into H"^-form by keeping it in 1. OM HNO^ and then converted 
to Fe^''"-form by keeping it in 1. OM FeCl^ solution. 
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Procedure : Sorption capacities of zirconium(IV) arsenova-
nadate exchanger in Fe^^-form for sorption of phenolic 
compounds were determined by the batch method. A mixture of 
0.2 g of the exchanger material and 50 ml of an aqueous 
solution containing one of the model phenolic compound (0.1 
m.moles) was kept in an Erlenmeyer flask for 24 hours with 
intermittent shaking, to allow attainment of equilibrium. 
The exchanger material was then removed by filteration. The 
concentration of solute in the filtrate was determined 
spectrophotometrically in the ultraviolet region (19). From 
this value, the sorption capacity (m. moles exchanger) 
was calculated. 
The column experiments were carried out using a 0.6 cm 
(i.d.) glass column packed with 2.0 g of the exchanger 
material, zirconium( IV) arsenovanadate (50-100 mesh) in Fe^ "*^  
form. A 50 ml sample of phenol solution was passed through 
the column at a flow rate of 1 ml min.~^. 
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RESULTS AND DISCUSSION 
The sorption capacities of zirconium(IV) arsenovanadate 
in Fe^^-form for different phenolic derivatives, by batch 
method are iven in table The sorption capacities for 
almost al] phenols increases with the increase of the 
initial r jncentration of the solute (Fig. 4.2). It can be 
seen fr >m the results obtained in table - 4.1 that the p-
cholo"ophenol and gallic acid are strongly sorbed on the 
mat'rial, while the phenol, phloroglucinol and resorcinol 
a'a not sorbed at all. The order of sorption capacities for 
different isomers of cresol is m>o>p and for chlorophenol, 
it is p>o. However, the ~N02 group substituted on various 
positions donot affect the uptake. 
These differences in the sorption capacities of various 
phenolic derivatives on zirconium(IV) arsenovanadate 
exchanger in Fe^^-form may be explained on the formation of 
phenol complexes of the type [Fe(OR)g] with iron as the 
c^ 'ucral metal atom. The stability of these complexes depend 
on the position of the substituent groups on phenol like 
-CH^ and halogens. Phenols containing -CH^ and halogen in 
the ortho and para position to the hydroxyl group produced 
quite unstable complexes and the same substituent in meta 
position produce much stable complexes because of the quinoid 
formation. Moreover, the nitro group present on either 
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Table 4.1 Sorption capacities on zirconium(IV) arsenovana-
3+ ° date in Fe -form at 30+1 C 
Concentration loaded 
(m.moles) 
0.1 0.2 0.4 0.8 
Phenolic Compound Sorption capacity 
in m. molesxio~2/g 
o-cresol 7.5 15.00 29.50 60". 00 
m-cresol 18.75 37.00 74.00 148.00 
p-cresol 5.00 10.00 19.85 39.80 
o-chlorophenol 5.37 10.75 21.50 43.00 
p-chlorophenol 25.80 51.65 103.25 206.45 
Gallic acid 23.45 46.87 93.65 187.30 
Pyrogallol 8.12 16.25 32.50 65.00 
o-nitrophenol 3.15 6.25 12.50 25.10 
m-nitrophenol 3.15 6.30 12.60 25.10 
p-nitrophenol 3.12 6.24 12.50 25.00 
136 
u 
Ci 
cn 
c 80 o 
x: o 
K 
o 60 
if> 
(N 
o" 
' — 
•D 40 
n 
w 
O 
Ifl 
0 20 c 
x: 
a 
o 0 
C7> 
E 
Gallic acid 
P-chlorophenol 
0-chlorophenol 
Fig. 4.1a Sorption of phenolic derivatives on zirconium(IV ) 
3± o arsenovanadate in Fe^-form at 30^2 C. 
137 
AO r 
32 -
2A -
0; O^  
C 
0 X y 
K 0; 
"o 
cn 
CM 
o 
•o 
4* 
JD 
T 16 -o 
I/) 
o 
c 
JC 
a 
o 
e 
8 -
m-cresol 
Pyrogallol 
O-cresol 
P-cresol 
0.2 O.A 0.6 0.8 
Initial conc. of phenol in ( m moles / 25 ml) 
Fig. 4.1b Sorption of phenolic derivatives on zirconium(IV) 
arsenovanadate in Fe3+-form at 30+2°C 
138 
10 20 30 
T i m e in m i n u t e s 
Fig. 4.2 Rate of uptake of phenol on zirconiumdV) 
arsenovanadate iron (III) -form at 30+2°C 
A= p-chlorophenol 
B= Gallic Acid 
vol of equilibrated solution = 25 ml 
Concentration of solute = 0.1 m. moles 
139 
position has no effect on the stability of iron(III)- phenol 
complex. Therefore, the order for sorption capacities for 
cresols, chlorophenol and nitrophenol is in accordance with 
the stabilities of iron(III)-phenol complexes (20). 
The total sorption capacity for most of the phenols is 
attained with in 15 minutes (Fig.4.X^. The fast uptake is 
due to the larger surface area of the sorbent, facilitate 
the diffusion of phenol. 
The result of uptake of phenolic derivatives by 
zirconium(IV) arsenovanadate in Fe^^-form by column method 
are given in table 4.2 . The material shows a complete 
quantitative collection of ortho and p- chlorophenol, 
p-nitrophenol and gallic acid. However, precent uptake of 
cresols, ortho and meta nitrophenol decreases as the 
concentration of solute increases. These results suggest 
that zirconium( IV) arsenovanadate in Fe^ "*^  -form can be used 
as a sorbent to concentrate o,p-cholorophenol and gallic 
acid present at low concentration in water. 
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Table 4.2:norption of phenolic compounds on zirconium(IV) 
arsenovanadate column. 
Phenolic derivatives Loaded ppm Percent 
o-cersol 10.814 70.00% 
21.628 63.45% 
m-cresol 10.814 98.00% 
21.628 82.70% 
p-cresol 10.814 61.85% 
21.628 59.50% 
o-chlorophenol 12.856 99.99% 
25.712 99.99% 
p-chlorophenol 12.856 99.99% 
25.712 100.00% 
Gallic acid 17.012 100.00% 
34.024 99.99% 
Pyrogallol 12.611 68.00% 
25.22 50.00% 
o-nitrophenol 13.911 78.16% 
27.812 62.50% 
m-nitrophenol 13.911 78.00% 
27.812 61.70% 
p-nitrophenol 13.911 99.90% 
27.812 99 .90% 
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CHAPTER - V 
SYNTHESIS AND ION-EXCHANGE 
BEHAVIOUR OF A NEW THREE-
COMPONENT ION-EXCHANGE MATERIAL 
CERIUM(IV) TUNGSTOSELENATE. 
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INTRODUCTION 
The insoluble salts of heteropolyacids with polyvalent 
metals, obtained by mixing the solution of heteropoly acids 
and salts of desired cation, are preferred to other ion-
exchangers as they exhibit selective ion-exchange behaviour 
(1-4). Tungstoarsenate (5), vanadoarsenate (6), molybdoar-
senate (7), vanadotungstate (8), molybdosilicate (9), and 
tungstophosphate (10) of tin (IV) and arsenophosphate, (11, 
12), selenophosphate (13), molybdophosphate (14), and 
iodomolybdate (15) of zirconium(IV) have been studied in 
detail. However, a few studies on heteropoly acid exchangers 
based on cerium(IV) have been made in detail. The only 
known exchangers of this type are cerium(IV) phosphosilicate 
(16) and phosphomolybdate (17). 
In this chapter, the synthesis and ion-exchange 
behaviour of cerium(IV) tungstoselenate has been described. 
The analytical importance of this material has been explored 
by its stricking selectivity towards the separation of lead 
ion from numerous metal ions. 
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EXPERIMENTAL 
Reagents: Ceric ammonium nitrate (Glaxo-AR), sodium 
selenite (B.D.H.) and sodium tungstate (E. Merck) were used 
for the synthesis of ion-exchange material. All other 
chemicals used were of analytical grade. 
Apparatus: Toshniwal (India) single electrode pH meter was 
used for pH measurements. A. Bousch and Lomb spectronic 20 
and spectronic 1001 spectrophotometer were used for spectro-
photometric measurements. 
Synthesis: Samples of cerium(IV) tungstoselenate ion-
exchanger were prepared by adding 0.IM ceric ammonium 
nitrate to a mixture of 0.IM sodium selenite and 0. IM sodium 
tungstate under different sets of conditions as mentioned in 
table 5.1 and were abriviated as CTS^^, CTS2/ ^^S^/ CTS^ and 
CTS^. The desired pH of the resultant mixture was adjusted 
by adding dil. HNO^ solution. The gel so formed was allowed 
to settle down for 24 hours at room temperature, it was 
filtered under suction and washed several times with 
distilled waters to remove the excess of reagents. It was 
o 
then dried in an oven at 40 c. The material was broken into 
smaller particles by shaking it in distilled water. The 
ion-exchanger granules were then converted into H"''-form by 
treating them with 1. OM HNO^ solution for 24 hours with 
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occasional shaking and intermittent changing of acid. Yellow 
granules of cerium(IV) tungstoselenate were washed with 
distilled water till the washed effluent reaches to a value 
of pH 6. Finally it was dried in an oven of constant 
o 
temperature 40 C. 
Chemical Stabilities: A 0.5g exchanger material (Sample 
CTS^) was equilibrated with 50 ml of the solution of 
interest at room temperature and kept for 24 hours with 
occasional shaking • Cerium(IV) released in the solution was 
determined titrimetrically using EDTA as titrant(18). 
Selenium and tungston released in the solution were 
determined spectrophotometrically using 3', 3' -Diaminobenz-
idine tetrahydrochloride (19) and sodium metavanadate (20) 
as colouring reagents respectively. The results are 
summarized in table 5.2. 
Chemical Composition: For the determination of chemical 
composition of the material, O.lOg of the exchanger material 
(Sample CTS^) was dissolved in hot concentrated sulphuric 
acid and diluted to 50ml with water. Cerium, selenium and 
tungston were determined as above and the mole ratio was 
found to be 2:lsl. 
pH-titration: The pH-titration of the exchanger material 
for each sample was carried out by the method of Topp and 
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Pepper (21), equilibrating several samples of ion-exchanger 
(0.5g) with 50ml of 0.1 mol (KCl-KOH) solutions. The 
titration was also carried out for the sample CTS^, with 
0.10 mol (NaCl-NaOH) and (LiCl-LiOH) solutions. 
I.R. Studies.: Infrared studies of cerium(IV) tungstosele-
nate (sample CTS^) was performed using nujol. (Fig. 5.4). 
Thermal treatment: Thermogravimetric analysis of 
exchanger material (sample CTS^) in H'^ -^form was performed at 
o 
a heating rate of 10 C min . (Fig. 5.5). 
Distribution Studies: Distribution studies were performed 
on a sample of cerium(IV) tungstoselenate (sample CTS^) 
for different metal ions in various solvents as follows: 
0.2g of exchanger beads in H"'^ -form were equilibrated 
-4 
with selected metal salt solutions (25ml of 8x10 M) by 
keeping it at room temperature for 24 hours. The amount of 
metal species left in the solution was then determined by 
titrating it against standard solution of 0.002M EDTA. 
The kd values of metal ions as summarized in table 5.3 
are based on the formula given below. 
m. moles of metal species/g of exchanger 
kd = m. moles of metal species/ml of the total volume 
of the resultant solution. 
147 
Separation achieved: For quantitative separation of metal 
ions, 5.0g of the exchanger in H^-form was taken in a glass 
column 0.6 cm (i.d.). A metal ion mixture was transferred on 
top of the column. The flow rate of the effluent was 
maintained at 1 ml min.~^ throughout the elution process. 
The results are presented table 5.4 and figure 5.6 (a-h). 
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PESULTS AND DISCUSSION 
Table 5.1 describes the preparation of various samples 
of cerium(IV) tungstoselenate at pH 1. It has been observed 
that the ion-exchange capacity (obtained by pH-titration, 
equilibrating the several samples of exchanger material with 
O.IN KCl-KoH solution, Fig. 5.1) is higher as compared to 
bicomponent ion-exchange materials of cerium(IV) (22). It is 
also clear from the table 5.1 that by increasing the cerium 
and tungston content of the mixture, the ion-exchange 
capacity of the material is increased. The sample CTS^ is 
chosen for further studies owing to its high ion-exchange 
capacity and chemical stability. 
The pH-titration curves (sample CTS^) for different 
systems (0.10 mol KCl-KOH, NaCl-NaOH and LiCl-LiOH 
solutions) have been shown in Fig. 5.2. The pH-titration 
curve shows that the material has a polyfunctional behaviour 
indicated by more than one point of inflexion, thus 
providing various lattice layers of atoms with acid sites to 
contribute the maximum amount of protons. However, the total 
ion-exchange capacity, for the exchange of K^, Na"^, and Li"*" 
is 4.90, 4.60 and 4.50 meq./g-dry exchanger respectively, 
which is somewhat smaller than the value that is expected 
from the chemical formula for the exchange of four 
exchangeable hydrogen ions. 
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Table 5.2 : Chemical stability of cerium(IV) tungstoselenate 
(CTSg) in different solvents. 
Solutions Cerium (IV) tungston selenium 
released released released 
mg/SOniL mg/SOml mg/50ml 
H^O 0.00 0.00 0.00 
O.IW HCl 0.00 0.03 0.00 
l.OM HCl 1.40 0.48 0.09 
2.0M HCl 2.89 0.90 0.15 
0.]JM HNO^ 0.00 0.02 0,00 
l.OM HNO^ 0.71 0.25 0.18 
2.0M HNO^ 1.70 0.68 0.37 
O.IM H2S0^ 2.82 0.70 0.05 
l.OM H2S0^ 7.05 1.83 0.34 
O.IM HCIO^ 0.00 0.91 0.04 
l.OM HCIO^ 2.10 1.83 0.07 
O.IM Ch^oooh 0.00 0.00 0.00 
0.5M CHjOOOH 0.00 0.00 0.00 
l.OM CH^COOH 0.28 0.02 0.00 
2.0M CHjCOOH 0.71 0.21 0.02 
O.IM HCOOH 0.00 0.00 0.00 
l.OMHCOOH 0.00 0.00 . 0.03 
O.IM (C00H)2.2H20 0.14 0.35 0.05 
O.IM NaCe 2.29 3.9 0.24 
l.OM NaOH 6.46 9.1 0.64 
O.IM NH.CH 4 0.70 4.00 0.13 
l.OM NH.OH 4 2.11 4.10 0.68 
Ethanol 0.00 0.00 0.00 
1- butanol 0.00 0.00 0.00 
DMF 0.00 0.00 0.00 
DMSO 0.00 0.00 0.00 
1, 4-Dioxane 0.00 0.00 0.00 
Acetonitrile 0.00 0.00 0.00 
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To examine the effect of heat treatment on the acid 
properties of the exchanger, the titration curves for the 
exchange of k"*" were measured as a function of pH (Fig. 5.3) 
o 
Vlhen the sample is heated upto 100 C the decrease in ion-
o 
exchange capacity is 0.70 meq/g-dry exchanger. At 200 C the 
exchange sites are much destroyed and the capacity decreases 
to 28.57% of the total ion-exchange capacity, which is just 
double of the value observed when the sample is heated at 
100°C. 
The material is found to be fairly stable in lower 
concentration of mineral acids like HCl, HNO^ and HCIO^. 
However, the stability is decreased even in dil 
solutions. The material is also quite stable in organic 
acid like acetic acid and formic acid but the solubility 
increases with the increase in the concentration of sodium 
hydroxide solution. 
The IR spectrum of cerium(IV) tungstoselenate is 
reported in Fig. 5.4. The strong peak in the reagon 3600-
3100 cm ^ with a maximum at 3400 cm~^ represents the 
lattice water, free water and free OH groups. The peak in 
the region 1700-1550 cm~^ with a maximum at 1640 cm~^, is 
the representative of OH groups in the matrix. The 
different peaks at 730, 840, 950 and 1110 cm~^ are due to 
the presence of selenate groups. The tungstate band also 
falls in the same region as the selenate (23). The peaks 
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appearing at 1380 1460 and 3000-2900 are the 
standard peaks of nujol mull. 
The thermogram (Fig. 5.5) of cerium(IV) tungstoselenate 
+ o 
in H -form shov/s a contineous loss in weight upto 170 C 
which is due to the loss of water molecule. The correspon-
ding weight loss is 7.0%. The weight loss again observed o 
from 170 - 260 C may be due to the conversion of HSeO^ to 
HSeO^ (24) with the loss of oxygen atom. Further weight o o 
loss is experienced from 400 C - 590 C that may be 
attributed due to the condensation of OH groups and HSeO^ o o 
groups to (Se20^) H2O. The weight loss from 640 C to 800 C 
may be due to the formation of metal oxides. 
The pH-titration curves, chemical analysis, thermogra-
vimetry and IR studies suggest that the following tentative 
formula of the exchanger may be proposed. 
(CeO)2.(OH)2.(HWO^).(HSeO^). nH20 o 
Assuming that at 170 C only external water molecules 
are lost, the 7.0% loss represented by TGA curve must be due 
to the loss of nH20 from the above structure. The number of 
such water molecule per mole of exchanger can be calculated 
using Alberti's equation (25). 
x(M + 18n) 18n = — 100 
where 'x' is the percent weight loss (7.0%) in the exchanger 
o on heating upto 170 C. M=molocular weight of the material 
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Table 5.3: Distribution coefficient (mlg of Metal Ions 
on Ceriiim(IV) tungstoselenate (sample CTS^) at 
30+2°C. 
Metal H2O O.IM 
CH3CX)0H 
0.5M 
CH3COOH 
Acto 
nitrile 
ActorHpO 
(1:1) 
13 23 23 7 4 
53 13 1 70 48 
289 92 30 565 496 
1 4 1 1 1 
51 258 66 234 163 
11 88 51 10 10 
1 2 . 2 44 18 
8 8 8 20 10 
Fe^^ 53 22 1 75 50 
1 8 8 8 8 
26 4 4 14 14 
137 76 43 166 75 
1 1 1 1 1 
164 164 106 236 205 
68 19 10 120 82 
U0+ 97 18 1 47 18 
27 31 291 200 61 
1 1 1 1 1 
45 45 45 261 40 
83 38 5 5 1 
90 350 100 7 23 
Er^+l 1 1 1 1 1 
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minus external water molecule. It gives the value of 'n' as 
3. 
The distribution coeficient values, Kd, of some metal 
ions on cerium(IV) tungstoselenate, in different solvent 
systems are reported in table 5.4. The adsorption sequence 
2+ 2+ 3+ 
of some metal ions in water is found to be Pb >V0 >Bi 
>Fe^ ''' = The Kd value decreases as the concentra-
tion of acetic acid is increased. The most promising 
property of the material is its stricking selectivity for 
lead ions which reveals the possibility of separation of 
lead ions from a number of metal ions. The experimental 
2+ 2 + details of these separations are Pb(ll) from Ca / Ni , 
2+ 3+ 2+ 2+ Cu , Al , Tl. „ T., Zn , and Co , given in table 5.4. +/ ngz+ 
Elution profiles are reported in Fig. 5.6(a-h). 
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Table 5.4 Separations achieved on cerium(IV) tungstoselenate 
columns. 
Separation Amount Amount Percent 
achieved loaded found recovery 
mg mg % 
Volume of Eluent 
effluent used 
ml 
Hg 
Pb 
2+ 
2+ 
1.0000 
0.9945 
0.9930 
0.9945 
99.30 
100.00 
60 
50 
H^O 
0.5M CH^COOH 
Cd 
Pb 
2+ 
2 + 
0.5845 
0.9945 
0.5732 
0.9940 
98.06 
99.90 
60 
60 
H O 
075M Qi^COOH 
T1 
Pb 2+ 
0.9170 
0.9945 
0.9140 
0.9900 
99.66 
99.50 
20 
60 
H^O 
0.5M CH^COOH 
Pb 2+ 
0.3052 
0.9945 
0.3000 
0.9930 
98.36 
99.80 
40 
60 
H^O 
0.5M Ch^COOH 
Co 
Pb 
2+ 
2+ 
0.2593 
0.9945 
0.2590 
0.9848 
99.8 
99.00 
60 
60 
H^O 
0.5M CH^COOH 
Zn 
Pb 
2+ 
2+ 
0.3269 
0.9945 
0.3269 
0.9863 
100.00 
99.20 
50 
60 
H^O 
0.5M CH^COOH 
A1 
Pb 
3+ 
2+ 
0.1268 
0.9945 
0.1268 
0.9900 
100.00 
99.50 
40 
60 
H^O 
0.5M CH^COOH 
Cu 
Pb' 
2+ 
2+ 
0.279 
0.9945 
0.279 
0.9900 
100.00 
99.50 
70 
60 0.5M CH^COOH 
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